Design Fundamentals 


403 


THEORY OF RECTANGULAR PANELS 


The response of rectangular panels under transverse loading is highly complex [179, 
181]. One of the more general equations applicable to these panels can be stated as 
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This classical expression, first obtained in 1815, is sometimes called the Sophie 
Germain equation. In this notation, x and y are the coordinates of the middle or 
neutral plane of the plate, as shown in Fig. 31.1. The surface load q(x,y) can be 
either constant or some function of the same coordinate system. The solution of 
this equation must satisfy the prescribed boundary conditions for a given manner 
of loading and support. A summary of some typical boundary conditions is given 
in Table 31.1. 

One of the special characteristics of bending of rectangular plates is the devel¬ 
opment of the anticlastic surface , which can be simulated by the forces concentrated 
at the corners. At one time this particular feature was used in experiments to verify 
the basic theory of bending of plates. The corners of a square plate, for instance, 
uniformly loaded and simply supported, have a tendency to rise. 

The deflected surfaces of the elastic rectangular plates in general can be ex¬ 
pressed by means of double periodic functions such as the trigonometric series, as 
long as they satisfy the prescribed boundary conditions. For a uniform constant 
pressure g, for instance, the following double series is applicable: 
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The corresponding expression for a single concentrated load W is 
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In Eq. (31.13) m and n indicate a series of values 1, 3, 5, .... In Eq. (31.14) the 
m and n terms take on values of 1, 2, 3, ..., while £ and r/ denote the coordinates 
of a point at which the concentrated load W is applied. In both equations, a is the 


Table 31.1 Boundary Conditions for Plates 
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